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FOREWORD

The tests described herein were conducted
under NASA Apollo contract NAS 9-150, during the
period from May 29 to June k4, 1962.

This report was prepared by C. L. Berthold
& G. B. Henrich of the Wind Tunnel Projects Group,
Los Angeles Division of North American Aviation, Iac.
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ABSTRACT

This report presents dynamic stability data from
tests of command module entry and launch escape configu-
rations of a 0.055-scale Apollo model (FD-2) in the low
Mach number test section of the Langley Unitary Plan Wind
Tunnel. Tests were conducted from 1.60 to 2.75 Mach number
and at angles of attack near proposed flight attitudes.

The dynamic stability parameters are presented as
standard NASA coefficients in both tabular and plotted form
for all configurations tested. In addition, tunnel operating
conditions, configuration description, computation equations,
tabulated data identification key, and typical schlieren
photographs are included.

This report presents basic wind tunnel test data only,
in order to make the test results available at the earliest
possible date. Analyses and summary of results will be re-
ported later under separate cover.
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I. INTRODUCTION

Dynamic stability tests were conducted on 0.055-scale Apollo
(FD-2) models in the low speed test section of the Langley Unitary Plan
Wind Tunnel from May 29 to June 4, 1962, Dyneamic stability parameters
were obtained for the command module entry and launch escape configura-
tions with oscillation in pitch and for the command module entry con=-
figuration only, with oscillation in yaw.

Tests were conducted at Mach numbers of 1.60, 1.80, 2.00, 2.50,
and 2.75 to f111 in the Mach number range not covered in two previous
tests on this model (Ref. a & b). A more current Launch Escape configu-
ration was tested with and without a disc near the rocket base. The
basic configurations were run at two stagnation pressures to obtain the
effect of Reynolds number variation. Reynolds numbersg, based on th
maximum diameter of the model, varied from 0.628 x 10° to 3.98 x 10°.
All dynamic stability derivatives were measured during forced
oscillation of the model in pitch or yaw over an amplitude of approxi-
mately 72° about the oscillation center.

SID-62-10Tk
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II. REMARKS

This test was performed to investigate the dynamic stability
characteristics of the 0.055-scale Apollo (FD-2) models in the Mach
number range 1.60 - 2.75, using models, equipment, and methods of ob-
taining data similar to that described for two previous tests (Ref. a &
b), which covered the Mach number range of 2.40 - 4,65 and 0.30 - 1.20,
respectively.

Several techniques are currently available for measuring dynamic
stability derivatives of models in wind tunnels. This test was per-
formed utilizing what has been termed the inexorable method in which
the model is mechanically forced to oscillate in a single degree of
freedom at known angular frequency and amplitude while measurements
are made of the moment required to sustain the motion.

The support and attached model were forced to perform & constant-
amplitude, essentially sinusoidal motion about the oscillation axis by
a mechanical scotch yoke and crank arrangement. The crank was connected
by a driveshaft to an electric motor mounted in the downstream end of
the sting and the drive motor speed was set at various constant values
to provide a range of oscillating frequencies. (For maximum accuracy,
most test points were recorded at or near the natural frequency of the
oscillating model system).

Springs of different stiffness were available to cover a range of
resonant frequencies within the range of operating frequencies. These
springs were equipped with calibrated strain gages to provide a signal
proportional to the displacement.

A stiff strain gage beam, located between the model mounting point
and the pivot axis, gave a signal proportional to the moment applied to
oscillate the model. It was located so as to be uninfluenced by any
friction or mechanical play in the system.

The mode1+was rigidly forced to oscillate with an amplitude of
approximately -20 at known angular frequency and the pivot axis could
be rotated 90°, therefore, tests could be made with the model oscillat-
ing in pitch or yaw.

By resolving the moment and amplitude functions into orthogonal
components the resultant applied moment and displacement and the phase
angle between them may be found. With the known oscillation frequency,
the aerodynamic-damping and oscillatory-stability moments can be com-
puted,

SID-62-10T74

kAR



NORTH AMERICAN AVIATION, INC. (@ SPACE and INFORMATION SYSTEMS DIVISION
Nt/

——

II. REMARKS - continued

The tabular and plotted date are presented in Appendices A and B
in NASA standard coefficient form referred to the body system of axes
originating at the oscillation center. Dynamic stability parameters
are utilized to indicate aerodynamic damping-in-pitch (Cp . + Cpg),
osclllatory longiﬁzﬂinal stability (Cma:- qné‘, and the ‘reduced fre-
quency parameter —y~ for tests with oscillations in pitch for the
entry, launch escape (3 config.), and command module exit configura-
tions. In addition, coefficients are given for aero-dynamic damping-
in-yaw (Cp,. - Cpg cosa ), oscillatory directional stability,p
(Cn@ cos &+ keCp; ) and the reduced frequency parameter ~y ~ for
the entry configuration only with oscillations in yaw. The plotted
data presents these parameters as a function of angle of attack.

Configurations were tested at Mach numbers ranging from 1.60 to
2.75 and at angles of attack near the proposed flight attitudes. The
nominal angle of attack ranges were: Command Module (entry) 134° to
1580; Command Module (exit) - 16° to +89; Launch Escape Configuration
-16° to +8°, The majority of data were recorded at nominal 2° incre-
ments of set angle of attack throughoug these ranges while the model
was being rigidly forced to oscillate =2° in pitch about the set angle. |
Smaller increments of set angle of attack were used in areas where 1
large changes in stability parameters were observed. |

The current Launch Escape Vehicle was tested throughout the
standard Mach No. range at two Reynolds Nos. with two configurations;
i.e., E35 T15 C2- Rocket Disc Off and E40 Ti5 C2 - Rocket Disc On. For
comparative purposes with previous tests (Ref. a & b), the configura-
tion Ej T12 C2 (Long Tower) was tested at M = 1.80 & 2.00 at the maxi-
mum Reynolds No.

The command module in entry attitude was run using two different
oscillation centers to determine the magnitude of error introduced by
such movement. This configuration was also run at two Mach numbers
with oscillation in yaw, but the bulk of the test was conducted with |
oscillation in pitch only.

Any data believed to be affected by shock reflections from the
tunnel walls have been deleted from the tabulated sheets and plotted
figures. However, because of a malfunction in the angle-of-attack
read-out mechanism, the tabulated values of angle of attack for runs 10
through 26 are higher than the nominal angle by as much as 0.17°. For
runs 27 and 28, the tabulated angles of attack are low by an equal
amount.

UEErerree— STD-62-1074
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III. MODEL DESCRIPTION
A. General

The FD-2 Dynamic Stability Model tested in the low speed
test section of the Unitary Plan Wind Tunnel from May 29 to
June 4, 1962, was & 0.055-scale representation of the Apollo
command module and launch escape vehicle configurations. In
addition to the launch escape models used in the two previous
programs, a more current launch escape configuration was construc-
ted for these tests.

The configurations tested were aerodynamically smooth for all
test conditions. Lightweight materials were utilized in construc-
tion of the model, to reduce moment-of-inertia effects, whenever
consistent with the structural integrity as established in
Reference (c¢). The command modules were constructed of aluminum
alloy (7075-T6), escape tower of Armco steel (17-4 PH SST) and
escape rocket of magnesium (QQ-M-31).

The oscillation axis was located as close as possible to the
center of gravity of the full scale Apollo vehicle within the
physical limits imposed by the model size, chosen to avoid re-
flected shock waves, and the balance dimensions.

The models were sting mounted with the balance contained
within the model to minimize support interference. To allow
pitching through angles of attack near the proposed flight atti-
tudes, the models were constructed so that the module axis of sym-
metry and balance center line formed an angle of 30° for the entry
configuration and 8° for the launch escape system.

b
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III. MODEL DESCRIPTION - continued

B. Nomenclature

Dimensions
Full Scale
Ey, Escape Rocket Motor (Dwg. 7121-01058-5)
Total length (including jettison motor) 248.40 1n,
Diameter of Escape Rocket 26.00 1in.
Diameter of Escape Rocket Base 47.00 in,
Skirt Flare Angle 30.00°
Nose Cone Half-angle 30,000
Nose Radius 5.20 in,
Jettison Motor - located aft of rocket motor
Length of Jettison Motor 69.50 in.
Diameter of Jettison Motor 8.00 1in.
Jettison Motor-nozzle exit half angle 17.00°
E40, Escape Rocket Motor (Dwg. 7121-01061-4)
Total length 257.28 in.
Diameter of Escape Rocket 26.00 in.
‘ Diameter of Escape Rocket Base 54.60 in.
Skirt Angle Flare 36.92°
Nose Cone Half-angle 15.00°
} Nose Radius 2.00 in.
| Disc - located forward of skirt flare
Diameter of Disc 65.00 1in.
) Disc Thickness 2.27 in.
E35, Same as "E " except no disc near base of rocket
l Tyo Escape Tower Structure (Dwg. 7121-01058-k)
] Total length 175.00 in.
Number of Longitudinal Members L
Diameter of Longitudinal Members 2.84 in,
Diameter of Cross Braces 2.29 in.
Distance between attachment points 53.45 1in.
)
-8
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III. MODEL DESCRIPTION - continued

Escape Tower Structure (Dwg. 7121-01061-2)

Total length

Number of Longitudinal Members
Diameter of Longitudinal Members
Diameter of Cross Braces

Distance between attachment points

Command Module (Dwg. 7121-01059)

Maximum Diameter

Radius of Spherical Blunt End
Corner Radius

Nose Cone Half-angle

Nose Cone Vertex Radius
Commend Module (Dwg. 7121-01061-5)

Maximm Diameter

Radius of Spherical Blunt End
Corner Radius

Nose Cone Semi-angel

Nose Cone Vertex Radius

Dimensions
Full Scale

113.10 in.
3.40 in.
2.49 in.

50.18 in.

154.00 in.
184.80 in.

7.58 in.
33.00°

15.40 in.

154.00 in.
184.80 in
7.58 in.
33.000
9.15 in.

SID-62-10T74
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IV. TEST PROCEDURE

Test Nomenclature

A maximum cross-sectional area, sq. ft., %2
£ maximum body diameter, ft.
da free streem dynamic pressure, lb/sq. ft.
¢ eangle of attack of model center line, deg. or radians
& rate of change of angle of attack, radians/sec.
V  free stream velocity, ft/sec.
W angular frequency of oscillation, radians/sec.
k reduced frequency parameter, QVL
R Reynolds number base on £
q angular velocity in pitch, radians/sec.
q rate of change of pitching angular velocity, radians/sec.
r angular velocity in yaw, radians/sec.
I rate of change of yawing angular velocity, radians/se.
B angle of sideslip of model center line, radians
B . rate of change of angle of sideslip, radians/sec.
m Pitching-moment coefficient, Pitching Moment

Qw A £
Cn, yawing-moment, coefficient, Yawing Moment

90 A £
I moment of inertia, s].ug-ft2

-10-
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IV. TEST PROCEDURE - continued

A, Test Nomenclature - continued

The data presented are referred to the body system of axes and
all moments are referred to the intersection of the oscillation axes.
Additional coefficients and symbols used in the equations for data
reduction are defined as follows:

c

system damping moment, in-1b/radian

K

system spring constant, in-lb/radian

Caero ® Crun - Ctare where Cigre = constant

(K-Iuw)aero = (K—Iwa)mn - (K-Iw?)tare

For data of type 2 (oscillation in pitch, wingless bodies)
Cmg *+ Cmg, = - VCaero

12 g ARZ
£ = 0.7058 ft.
me- kzcm‘-1 = - (K-I.2)aero
12 Qo AL
A = 0.3912 £t.2
k= wh
v

For data of type 4 (oscillation in yaw, wingless bodies)

Cnr - Cné cos &= - VCgorng
Cn‘,‘,’ cos o+ kacni, - + §K-Iw223ero
12q, A
k = wh
v
-11-
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IV. TEST PROCEDURE - continued

A. Test Nomenclature - continued

n = 0.7P W

p = Stagnation pressure
(1 + .2M%)3-5

Vv = (49.0236 4/'1t M
(1 + .owf) /2

(vhere T, is tunnel total
temperature in °R)

Reynolds number = 209w UV (where /L = viscosity,
lb-sec.
£4°

-12-

"SRR

SID-62-107k




NORTH AMERICAN AVIATION, INC. @ SPACE and INFORMATION SYSTEMS DIVISION

B.

CDWNRLAL..

IV. TEST PROCEDURE - continued

Model Installation

The FD-2 model was installed on the KASA 1600 in-lb.
dynamic pitch balance (Dwg. 401896) which was mounted on a
straight sting containing the oscillating mechanish. The drive
motor, clutch resolvers, and frequency generator were all con-
tained in the downstream end of the sting which was stiffened
to provide a resonant frequency above the maximum oscillating
frequency of the model. The oscillating mechanism was de-
signed to provide maximum stiffness of all drive linkages so
that the model responded only to the essentially sinusoidal
forcing input of the crank and Scotch yoke.

The models were mounted so that the sting center line and
command module axis of symmetry formed an angle of 30° for the
entry configuration and 8° for the launch escape configuration
to allow testing through angles of attack of 134° to 158° and
-16 to +8° respectively. The Unitary tunnels basic sting-type
support system, which is mounted on a horizontal support strut
extending from wall to wall, allowed the model to be traversed
across the tunnel to minimize interference from reflected shock
waves on the model at higher angles of attack.

-13-
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IV. TEST PROCEDURE - continued

C. Instrumentation

The NASA 1600 in.-lb. dynamic pitch balance was used to measure
the moment and displacement functions as the model was mechanically
forced to oscillate in a single degree of freedom.

In operation of the system, callbrated outputs of the moment and
displacement strain gages are passed through coupled electriecal sine-
cosine resolvers which rotate at the frequency of oscillation. The
resolvers transformed the outputs into orthogonal components from
which the resultant applied moment and displacement and the phase
angle between them were found. With the known oscillation frequency,
the aerodynamic-damping and oscillating stability moments were then
computed.,

All data were computed on a remotely located IBM 7090 computer.

D. Data Reduction Constants

Al) data was reduced and presented in standard NASA coefficient
form referred to the body system of axes originating at the oscill-
ation center.

Reference area = A = (,3912 £t.2

Reference length = £ = 0.7058 ft. (Diam.)

=1l
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SRR

A, TABULATED DATA FORMAT

Column.
Heading Item Definition or Remarks

PRJS Project No. From project no. 374 of LUPWT.

RUN Run No. Each Mach number considered
separate run.

POINRT Point No. Sequence in which data were taken.

CONF Configuration No. 10. "C", Command Module, (re-entry).
NAA Dwg. T7121-01059, no spacer

11. as above but with 1.75" spacer

20, "Eqc The Co", Launch Escape.
5 *15 2
NAR Dwg. T121-01061

21. as above but with "Ejq" disk
on rocket

22, "E, Tyo Cp", Launch Escape,
toroidal tanks removed. NAA
Dwg. 7121-01058 with capsule
nose replaced by nose given in
Detail-5 of NAA Dwg. T121-01061

30. "C,", Commend Module, (exit)

T Type of Data 2. Wingless body in pitch
k., Wwingless body in yaw

B Batech Fo. This number designates a group of
data which requires a given set of
constants and tares in order to
compute.

Q Dynamic Pressure Free-gtream dynamic pressure
1b/ft

<

Velocity Free-stream velocity ft/sec

-6
RN Reynolds No. Reynolds No. x 10 based on a
a reference length of 0.7058 ft.

(This is the maximm diameter of
the command module model)

A-2
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Column.
Heading

MACH
A0S

ACA

FREQ

cMQ

CMA

CRR

CNB

Note:

AVIATION, INC. @ SPACE and INFORMATION SYSTEMS DIVISION

- T .

A. TABULATED DATA FORMAT - continued

Mach No.
Angle of Sideslip

Angle of Attack
Frequency

Reduced Frequency
Parameter

Cn

q

2
C, = »

+Cm¢.x

Cnr = Cné cos &C

Cn@ cos o + Kacn.;.

Definition or Remarks

Corrected phase angle between
driving torque and model displace-
ment. Values near 90° and 270°
indicate velocity resonance.

Free-stream Mach number
Mean angle of sideslip, degrees.

Angle of attack of the model,
degrees.,

Frequency of the forced oscillation
cycles/sec.

k, see equations

Damping-in-pitch parameter

Oscillatory longitudinal
stability parameter

Damping-in-yaw parameter

Oscillatory directional stability
parameter

See Test Nomenclature for definition of stability parameters.

SID-62-10Th
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Al

B. RUN INDEX

NO. CONFIGURATION REMARKS MACH NO, ANGLE RANGE RNX10-6 QPSF
1 Command Module Fwd. Osc. 1.60 158° to 148° 2,44 187
2 C-Entry Center 1.80 158° to 1340 2,28 737
3 2.50 158° to 134° 2.56 787
L 2.50 142° to 134° .72 221
5 2.00 158° to 134° 2.48 789
6 2.00 158° to 134° .97 309
7 1.80 158° to 134° 1.06 341

o7* 1.80 158° to 134° 2.28 737
28%* Y 2,00 158° to 134° 2,48 787
8 Osc.Cen.Aft. 1.80 158° to 147° 2.29 737

9 Y 1.75" Spacer 2.00 158° to 149° 2,49 789
10 Launch Escape C 2. -16° to +8° .6 182
11 (116" Tower %%gszlan)a 2.%; - 89 to +6° 2.7% 801
12 (257"Rocket) 2.50 - 8% to ¥1° 2.91 897
13 1.80 -10° to ¥8° 1.06 342
14 1.80 - 8 to +7° 3.67 1184
15 2.00 - 7° to ¥6° 3.99 1264
16 E3s5 T15 C2  1.80 - 7% to +6° 3.67 1184
17 (Disc Off) 2.00 - 8% to ¥1°  3.95 1253
18 2.50 - 0 to #1° 2.91 897
19 2.75 - 80 to 80 2,77 801
20 2.75 0 to +8° .63 182
21 1.80 - 9% to ¥8° 1,06 340
22 Y 2.75 -16° to +4° .63 181
23  Launch Escape ELT;2Co 1.80 - 7° to #6° 3.67 1185
2L (175" Tower) 2.00 - 7° to ¥6° 3.95 1254
25 Command Module Osc.Cen.-c.g. 1.80 -16° t0 ¥8° 3,67 1186
26 Cp-Exit 1.21" Spacer 2.00 -16° to ¥8° 3.95 1254

e

TE: 1. ¥ = Oscillations in Yaw
2. Runs 1 - 26, Oscillation in Pitch
3. Reynolds numbers based on maximum model dlameter.
k. All values quoted are nominal

A-k
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(Same as above with toroid tanks on escape rocket removed)
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